
(19) *EP004507007A1*
(11) EP 4 507 007 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
12.02.2025 Bulletin 2025/07

(21) Application number: 23190924.3

(22) Date of filing: 10.08.2023

(51) International Patent Classification (IPC):
H01L 29/08 (2006.01) H01L 23/31 (2006.01)
H01L 29/10 (2006.01) H01L 29/778 (2006.01)
H01L 29/40 (2006.01) H01L 21/337 (2006.01)
H01L 29/20 (2006.01)

(52) Cooperative Patent Classification (CPC):
H10D 62/343; H10D 30/015; H10D 30/4732;
H10D 30/475; H10D 62/149; H10D 64/111;
H01L 21/56; H01L 23/3171; H10D 62/357;
H10D 62/8503

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(71) Applicant: Infineon Technologies Austria AG
9500 Villach (AT)

(72) Inventors:
• OSTERMAIER, Clemens
9500 Villach (AT)

• DELLAS, Nicholas Stephen
9500 Villach (AT)

(74) Representative: JENSEN & SON
366‑368 Old Street
London EC1V 9LT (GB)

(54) METHOD FOR FABRICATING A SEMICONDUCTOR DEVICE

(57) According to the invention, amethod is provided
which comprises providing aGroup III nitride-based sub-
strate comprising a first major surface and at least one
doped Group III nitride region comprising dopants of a
first conductivity type, forming a first passivation layer on
the first major surface, wherein the first passivation layer
is configured as a hydrogen diffusion barrier, forming at
least one first opening in the first passivation layer and
exposing at least a portion of the at least one doped
Group III nitride region from the first passivation layer,

activating the first dopedGroup III nitride regionwhilst the
first passivation layer is located on the first major surface
and the at least a portion of the at least one dopedGroup
III nitride region is exposed from the first passivation
layer, forming a second passivation layer on the first
passivation layer and on the at least one doped Group
III nitride region, forming at least one second opening in
the first and second passivation layers and exposing a
portion of the at least one doped Group III nitride region
and forming a contact in the second opening.
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Description

BACKGROUND

[0001] To date, transistors used in power electronic
applications have typically been fabricated with silicon
(Si) semiconductor materials. Common transistor de-
vices for power applications include Si CoolMOSO, Si
Power MOSFETs, and Si Insulated Gate Bipolar Tran-
sistors (IGBTs). More recently, silicon carbide (SiC)
power devices have been considered. Group III-N semi-
conductor devices, such as gallium nitride (GaN) tran-
sistor devices, are now emerging as attractive candi-
dates to carry large currents, support high voltages
and to provide very low on-resistance and fast switching
times.
[0002] A passivation layer on the semiconductor de-
vice is used to protect the semiconductor device from
hostile environmental conditions. WO 2005/117129 A1
describes dielectric passivation schemes for Group III
nitride-based semiconductor devices. The passivation
layer or layers may also be used to mitigate the effects
of surfacechargeswhichcanhinder propermodulationof
the conductive channel by the gate. Further improve-
ments to the passivation of Group III nitride devices
are desirable.

SUMMARY

[0003] According to the invention, amethod isprovided
which comprises providing aGroup III nitride-based sub-
strate comprising a first major surface and at least one
doped Group III nitride region comprising dopants of a
first conductivity type, forming a first passivation layer on
thefirstmajor surface, formingat least onefirst opening in
the first passivation layer and exposing at least a portion
of the at least one doped Group III nitride region from the
first passivation layer, activating the first doped Group III
nitride region whilst the first passivation layer is located
on thefirstmajor surfaceand theat least aportionof theat
least one doped Group III nitride region is exposed from
the first passivation layer, forming a second passivation
layer on the first passivation layer and on the at least one
doped Group III nitride region, forming at least one sec-
ond opening in the first and second passivation layers
and exposing a portion of the at least one dopedGroup III
nitride region and forming a contact in the second open-
ing. The first passivation layer may be configured as a
hydrogen diffusion barrier.
[0004] According to the invention, a semiconductor
device is provided which comprises a Group III nitride
substrate comprising a first major surface, at least one
doped Group III nitride region formed in or on the first
major surface, a first passivation layer arranged on the
firstmajor surfaceandonaperipheral regionof thedoped
Group III nitride region such that a central portion of the
doped Group III nitride region is uncovered by the first
passivation layer and a metallic contact arranged in

contact with the doped Group III nitride region and ex-
tending over the first passivation layer. The first passiva-
tion layer may be configured as a hydrogen diffusion
barrier.
[0005] Those skilled in the art will recognize additional
features and advantages upon reading the following
detailed description, and upon viewing the accompany-
ing drawings.

BRIEF DESCRIPTION

[0006] The elements of the drawings are not necessa-
rily to scale relative to each other. Like reference numer-
als designate corresponding similar parts. The features
of the various illustrated embodiments can be combined
unless they exclude each other. Exemplary embodi-
ments are depicted in the drawings and are detailed in
the description which follows.

Figure 1A illustrates a cross-sectional view of a
semiconductor device according to an embodiment.

Figure 1B illustrates a cross-sectional view of a
semiconductor device according to an embodiment.

Figure 2, which includes figures 2A to 2I, illustrates a
method of fabricating a semiconductor device.

Figure 3 illustrates a cross-sectional view of a semi-
conductor device according to an embodiment.

Figure 4 illustrates a flow diagram of a method of
fabricating a Group III nitride semiconductor device.

DETAILED DESCRIPTION

[0007] In the following detailed description, reference
ismade to theaccompanying drawings,which formapart
hereof, and in which is shown by way of illustration
specific embodiments in which the invention may be
practiced. In this regard, directional terminology, such
as "top", "bottom", "front", "back", "leading", "trailing",
etc., is used with reference to the orientation of the
figure(s) being described. Because components of the
embodiments can be positioned in a number of different
orientations, the directional terminology is used for pur-
poses of illustration and is in no way limiting. It is to be
understood that other embodiments may be utilized and
structural or logical changes may be made without de-
parting from the scope of the present invention. The
following detailed description, thereof, is not to be taken
in a limiting sense, and the scope of the present invention
is defined by the appended claims.
[0008] A number of exemplary embodiments will be
explainedbelow. In this case, identical structural features
are identified by identical or similar reference symbols in
the figures. In the context of the present description,
"lateral" or "lateral direction" should be understood to
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mean a direction or extent that runs generally parallel to
the lateral extent of a semiconductor material or semi-
conductor carrier. The lateral direction thus extends gen-
erally parallel to these surfaces or sides. In contrast
thereto, the term "vertical" or "vertical direction" is under-
stood to mean a direction that runs generally perpendi-
cular to these surfaces or sides and thus to the lateral
direction. The vertical direction therefore runs in the
thickness direction of the semiconductor material or
semiconductor carrier.
[0009] As employed in this specification, when an ele-
ment such as a layer, region or substrate is referred to as
being "on" or extending "onto" another element, it can be
directly on or extend directly onto the other element or
intervening elements may also be present. In contrast,
when an element is referred to as being "directly on" or
extending "directly onto" another element, there are no
intervening elements present.
[0010] As employed in this specification, when an ele-
ment is referred to as being "connected" or "coupled" to
another element, it can be directly connected or coupled
to the other element or intervening elements may be
present. In contrast, when an element is referred to as
being "directly connected" or "directly coupled" to an-
other element, there are no intervening elements pre-
sent.
[0011] A depletion-mode transistor device has a nega-
tive threshold voltage which means that it can conduct
current at zero gate voltage. These devices are normally
on. An enhancement-mode transistor device has a po-
sitive threshold voltage which means that it cannot con-
duct current at zero gate voltage and is normally off.
[0012] As used herein, the phrase "Group III-Nitride"
refers to a compound semiconductor that includes nitro-
gen (N) and at least one Group III element, including
aluminum (Al), gallium (Ga), indium (In), and boron (B),
and including but not limited to any of its alloys, such as
aluminum gallium nitride (AlxGa(1-x)N), indium gallium
nitride (InyGa(1-y)N), aluminum indium gallium nitride
(AlxInyGa(1-x-y)N), gallium arsenide phosphide nitride
(GaAsaPbN(1-a-b)), and aluminum indium gallium ar-
senide phosphide nitride (AlxInyGa(1-x-y)AsaPbN(1-a-b)),
for example. Aluminum gallium nitride and AlGaN refers
to an alloy described by the formula AlxGa(1-x)N, where 0
< x < 1.
[0013] According to the invention, an improved passi-
vation scheme for use in lateral Group III nitride devices,
e.g. lateralGaNHEMTsandmethod for fabricating lateral
Group III nitride devices, e.g. lateral GaN HEMTs is
provided.
[0014] Some Group III nitride devices, such as lateral
GaN transistor devices and lateral GaN bidirectional
switches, includeaAlGaNbarrier layer onaGaNchannel
layer so that a heterojunction is formed between the
AlGaN barrier layer and the GaN channel layer that is
capable of supporting a two-dimensional charge gas
such as a two-dimensional electron gas (2DEG). The
surface passivation of the AlGaN barrier layer is thought

to constitute a region of donor states which influence the
2DEG formed at the heterojunction between the GaN
channel layer and AlGaN barrier layer. Under off-state or
semi-on state conditions, trapping in this surface region
maycausedepletionof the2DEG,which can result in drift
and degradation in the device.
[0015] The method includes forming a suitable passi-
vation layer or layers for deviceswhich include ap-doped
Group III nitride region suchasapGaN region.Ap-doped
Group III nitride regionmaybeused in a gate structure for
forming an enhancement mode HEMTor may be used in
a power contact, e.g. a contact to the 2DEG such as a
source contact and/or a drain contact of a transistor
device such as a HEMT, or an in/out power contact of
a bi-directional switch.
[0016] According to embodiments of methods de-
scribed herein, the passivation layer is formed after for-
mation of the p-dopedGroup III nitride region(s) and prior
to the activation of the p-doped Group III nitride region.
This order allows for more independence in optimizing
the activation process.
[0017] In an embodiment, the gate structure including
a p-dopedGroup III nitride region is fabricated by etching
to form a recess in the AlGaN barrier layer and selective
regrowth to form p-doped Group III nitride material in the
recess. Alternatively, the gate structure including a p-
doped Group III nitride region is fabricated by depositing
p-doped Group III nitride region on the planar surface of
the AlGaN barrier layer. In a further alternative embodi-
ment, a p-doped Group III nitride region may be formed
by implantation of p-type dopants into theGroup III nitride
substrate.
[0018] Subsequently, the surface of the substrate, e.g.
the AlGaN barrier layer, is passivated by forming a first
dielectric layer on the surface of the substrate. This first
level passivation layer may act as a hydrogen barrier
preventing diffusion of hydrogen during further proces-
sing of the substrate. The regions of the substrate that
require activation, e.g. the deposited p-doped Group III
nitride region of the gate, or implanted p-doped regions
for forming electrical contacts e.g. the source and drain,
are opened, i.e. at least partly exposed from the first
dielectric layer. In some embodiments, the peripheral
region of the p-doped Group III nitride region remains
covered by the first passivation layer. This opening can
be performed bywet and/or dry etching. Not every region
p-doped Group III nitride region needs to be opened. For
example, a pGaN region could be used also as H-passi-
vated layer behaving rather like undoped GaN. The ex-
posed surface is exposed to a typical high temperature
activation process, e.g. thermal annealing. Then, the
metallic source/drain and gate contacts are formed.
[0019] Thepassivationmethod requires only exposure
of the surface region used for contacting and thus pre-
vents damage creation during activation in any region
outside the exposed region (s). Transistor devices fabri-
cated using this method have reduced gate leakage
currents, e.g. by a factor 10 or more. This suggests a
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strong improvement in the side wall quality resulting from
the passivation of the gate structure prior to activation
and the second passivation process.
[0020] Subsequent to the activation, in some embodi-
ments, the surface is again passivated with a second
dielectric layer by depositing a second dielectric layer on
the first dielectric layer which is also located in the open-
ings in the first dielectric layer. Theseconddielectric layer
may form part of a metallization structure. The opening
formed through the second and first passivation layer
exposes at least a part of the p-doped Group III nitride
region. Such an additional dielectric deposition should
not reintroduce hydrogen into the activated p-doped
Group III nitride regions. The second dielectric layer is
however not relevant for defining the main region of the
surface passivation. The structuring of the first dielectric
layer and second dielectric layer (if used)may ormay not
includewet etching in addition to dry etching, e.g. plasma
etching.Eachof the first andseconddielectric layersmay
be formed of a single layer or may comprise two or more
sublayers. Then, the metallic source/drain and gate con-
tacts are formed.
[0021] In this method, all the contacts are passivated
and opened twice in two independent steps. Therefore,
both dielectric layers and the first passivation process,
e.g. the formation of the first dielectric layer prior to
activation, and the second passivation process, i.e. for-
mation of the second dielectric layer after activation, can
be optimized for their respective roles.
[0022] In an embodiment, a SiNx layer is used for the
first dielectric layer in order to protect the surface prior to
activation. This SiNx layer is formed by LPCVD (Low
Pressure
[0023] Chemical Vapour Deposition) and is deposited
first to protect the surface, structured to produce an
opening located above the desired position of each of
one or more of the gate and/or source and drain contact
regions and then the activation of the p-doped Group III
nitride regions is carried out. In the final device, the SiN
layer formed by LPCVD may be the only material in
contact with the Group III‑ nitride layer.
[0024] As an alternative to SiNx and LPCVDSiNx, other
dielectric materials such as AlOx, SiOx, ZrOx, AlN, SiON,
GaOx, AlGaON may be used. For first level passivation
layers with relatively low wet etch rate e.g. LPCVD SiN,
the resist adhesionmaynot endure the longwet etch time
needed. For these materials it may be useful to structure
the passivation layer not only by wet etching but also dry
etching. For example, the SiN passivation may be par-
tially dry etched without reaching the underlying surface,
e.g. AlGaN barrier layer, to form a recess and then wet
etched. In some embodiments, the wet etching is carried
out without a structured resist so that the entire dielectric
layer is thinned by the wet etching process. After wet
etching, a thinned down dielectric layer remains in the
regions that were not previously dry etched and an open
exposed surface is formed in those regions partially
recessed by dry etching.

[0025] Figure 1A illustrates a cross-sectional view of a
semiconductor device 40 which comprises a Group III
nitride substrate 10 comprising a firstmajor surface 11, at
least onedopedGroup III nitride region21 formed inor on
the first major surface 11. The doped Group III nitride
region 21 comprises dopants of a first conductivity type,
for example p-type. An example of a p-type dopant isMg.
The doped Group III nitride region 21 may be formed by
implantation of dopants of the first conductivity type into
undopedor intrinsically dopedGroup III nitridematerial of
the substrate 10 or by growth of doped Group III nitride
material onto the firstmajor surface 11 or into a recess 43
formed in the first major surface 11.
[0026] Referring to figure 1A, in this embodiment, the
Group III nitride-based substrate 10 comprises a base
substrate 12 having a first main surface 13 which is
capable of supporting the epitaxial growth of one ormore
Group III nitride layers. The base substrate 12 may be
formedof amaterial other thanaGroup III nitrideandmay
be formed of formed of monocrystalline silicon, for ex-
ample a monocrystalline silicon wafer or an epitaxial
silicon layer, or may be formed of SiC or sapphire.
[0027] A Group III nitride buffer structure 14 is located
on the first main surface 13 of the base substrate 12, a
Group III nitride channel layer 15 is located on the buffer
layer 14 and a Group III nitride barrier layer 16 is located
on the Group III nitride channel layer 15. The Group III
nitride channel layer 15 and the Group III nitride barrier
layer 16 have different compositions and differing band-
gaps say that a heterojunction 17 is formed between the
Group III nitride barrier layer 16 of the Group III nitride
channel layer 15. In some embodiments, the Group III
nitride channel layer 15 is formed of gallium nitride and
the Group III nitride barrier layer 16 is formed of alumi-
nium gallium nitride (AlGaN), whereby AlGaN refers to a
ternary alloy described by the formulaAlxGa(1-x)N,where
0 < x < 1, so that the heterojunction 17 is capable of
supporting a two-dimensional charge carrier gas such as
a two-dimensional electron gas (2DEG). The Group III
nitride barrier layer 16 provides the first major surface 11
of the Group III nitride substrate 10. The buffer structure
14, GaN channel layer 15 and AlGaN barrier layer 16 are
epitaxially grown in this order on the growth surface 13 of
the base substrate 12.
[0028] A typical transition or buffer structure 14 for a
silicon substrate 12 includes a AlN starting layer, which
may have a thickness of several 100nm, on the silicon
base substrate 12 followed by a AlxGa(1-x)N layer se-
quence, the thickness again being several 100nm’s for
each layer, whereby the Al content of about 50‑75% is
decreased down to 10‑25% before the GaN layer or
AlGaN back barrier, if present, is grown. Alternatively,
a superlattice buffer can be used. Again, an AlN starting
layer on the silicon substrate is used. Depending on the
chosen superlattice, a sequence of AlN and AlxGa(1-x)N
pairs is grown, where the thickness of the AlN layer and
AlxGa(1-x)N is in the range of 2‑25nm. Depending on the
desired breakdown voltage the superlattice may include
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between 20 and 100 pairs. Alternatively, an AlxGa(1-x)N
layer sequence as described above can be used in
combination with the above mentioned superlattice.
[0029] In some non-illustrated embodiments, a back
barrier layer is formed between the buffer structure 14
and the Group III nitride channel layer 15. The channel
layer 15 is formed on the back barrier layer and forms a
heterojunction with the back barrier layer and the barrier
layer 16 is formed on channel layer 15. The back barrier
layer has a different bandgap to the channel layer and
may comprise AlGaN, for example. The composition of
the AlGaN of the back barrier layer may differ from the
composition of the AlGaN used for the barrier layer 16.
[0030] A first passivation layer 24 is arranged on the
first major surface 11 of the Group III nitride substrate 10
which is formed by the Group III nitride barrier layer 16.
The first passivation layer 24 is located on a peripheral
region 41 of the doped Group III nitride region 21 such
that a central portion 42 of the doped Group III nitride
region 21 is uncovered by the first passivation layer 24.
The first passivation layer 24 can be considered to have
anopening25whichexposes the central portion42of the
doped Group III nitride region 21. The remainder of the
first major surface 11 is covered by and in direct contact
with the first passivation layer 24. Ametallic contact 33 is
arranged in theopening30 in the first passivation layer 24
and is indirect contactwith theexposedcentral portion42
of the doped Group III nitride region 21. In this embodi-
ment, themetallic contact 33 also extends over the upper
surface of the first passivation layer 24. The first passiva-
tion layer 24 comprises a dielectric material and is con-
figured as a hydrogen diffusion barrier. The first passiva-
tion layer 24 may comprise SiNx, e.g. Si3N4 or may
comprise Al2O3 or La2O3 or ZrO2. The first passivation
layer may have a thickness of 5 nm to 30 nm.
[0031] In some embodiments, the first passivation
layer 24 is formed of SiNx and comprises a silicon :
nitrogen atomic ratio within 2 percent of the ratio 3:4.
Optionally, the fist passivation layer 24 further comprises
a stress of 600 megapascals (MPa) to 1000 MPa; and a
hydrogen content of less than 5 atomic percent. In some
embodiments, the silicon nitride layer has an index of
refraction of 2.0 to 2.1. The first passivation layer 24may
have a dielectric breakdown strength of greater than 12
megavolts per centimetre (MV/cm).
[0032] Figure 1B illustrates a cross-sectional view of a
semiconductor device 40’ according to an embodiment
which differs from that illustrated in figure 1A in that it
further comprises a second passivation layer 29 that is
arranged on the first passivation layer 24. In this parti-
cular embodiment, the first passivation layer 24 is formed
of Si3N4 and the second passivation layer 29 is formed of
SiO2. The second passivation layer 29 includes an open-
ing 30 that is located above the opening 25 in the first
passivation layer 24 such that an opening is formed
through the first and second passivation layers 24, 29
which exposes the central portion 42 of the dopedGroup
III nitride region 21. Theperipheral region 41of the doped

Group III nitride region 21 is covered by and in direct
contact with the first passivation layer 24. Only the first
passivation layer 24 is in direct contact with the Group III
nitridesubstrate11.Thesecondpassivation layer29may
be formed of an oxide, e.g a silicon oxide, and may form
part of a metallization structure formed on the first major
surface 11.
[0033] In some embodiments, the doped Group III
nitride region21comprisesadopedGroup III nitride layer
that is arranged in a recess 43 formed in the first major
surface 11. In some non-illustrated embodiments, the
doped Group III nitride region 21 is arranged on a planar
first major surface 11. The doped Group III nitride region
21 may be configured as part of a gate structure of a
transistor device or a bidirectional switch to form a n
enhancement mode device. Alternatively, the doped
Group III nitride region 21 may be configured as a con-
tact, for example a contact to a channel of a transistor
device or bidirectional switch, such as a 2DEG.
[0034] The semiconductor device 40, 40’ may also
include more than one doped Group III nitride region
21. In some embodiments, the semiconductor device
40, 40’ comprises three doped Group III nitride regions,
whereby oneprovides apart of the gate structure and two
each provide part of an ohmic contact of a transistor
device or a bidirectional switch, e.g. a source contact
or a drain contact. The doped Group II nitride regions 21
may have the same or different structures. For example,
the dopedGroup III nitride region for the source anddrain
contact may be an implanted region of the Group III
nitride substrate 11 and the dopedGroup III nitride region
for the gate contact may be a separate deposited doped
Group III nitride layer. In some embodiments, the semi-
conductor device 40, 40’ is a HEMT.
[0035] Figure 2 includes figures 2A to 2I and illustrates
a method for fabricating a contact to a Group III nitride
device. The method will be illustrated for fabricating a
metal gate contact to a Group III nitride device and for
fabricating a source contact or a drain contact to a tran-
sistor device. The method may also be used for fabricat-
ing anohmic contact to aGroup III nitride layer suchasan
ohmic source contact, an ohmic drain contact of a tran-
sistor device or a power contact of a bidirectional switch,
e.g. an ohmic power contact of a bidirectional switch.
However, the method may be used for forming a single
type of contact, e.g. a gate contact. The method may be
used to fabricate the device illustrated in and described
with reference to figure 1A, figure 1B or figure 3.
[0036] Figure 2A illustrates a Group III nitride-based
substrate 10 which includes a first major surface 11. In
this embodiment, theGroup III nitride-basedsubstrate10
comprisesabasesubstrate12havingafirstmainsurface
13 which is capable of supporting the epitaxial growth of
one or more Group III nitride layers. The base substrate
12 may be formed of a material other than a Group III
nitride and may be formed of formed of monocrystalline
silicon, for example a monocrystalline silicon wafer or an
epitaxial silicon layer, or be formed of SiC or Sapphire.
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[0037] A Group III nitride buffer structure 14 is located
on the first main surface 13, a Group III nitride channel
layer 15 is located on the buffer layer 14 and a Group III
nitride barrier layer 16 is located on the Group III nitride
channel layer 15. The Group III nitride channel layer 15
and the Group III nitride barrier layer 16 have different
compositions and differing bandgaps say that a hetero-
junction 17 is formed between theGroup III nitride barrier
layer 16 of the Group III nitride channel layer 15. In some
embodiments, the Group III nitride channel layer 15 is
formed of gallium nitride and the Group III nitride barrier
layer 16 is formed of aluminium gallium nitride (AlGaN),
whereby AlGaN refers to a ternary alloy described by the
formula AlxGa(1-x)N, where 0 < x < 1, so that the hetero-
junction 17 is capable of supporting a two-dimensional
charge carrier gas such as a two-dimensional electron
gas (2DEG). The upper surface of the Group III nitride
barrier layer 16 provides the first major surface 11 of the
Group III nitride substrate 10. The buffer structure 14,
GaN channel layer 15 and AlGaN barrier layer 16 are
epitaxially grown in this order on the growth surface 13 of
the base substrate 12.
[0038] In some non-illustrated embodiments, a back
barrier layer is formed between the buffer structure 14
and the Group III nitride channel layer 15 as described
with reference to figure 1A. The buffer structure 14 may
have the structure described with reference to figure 1A.
[0039] Referring to figure 2B, a recess 18 is formed in
the first major surface 11 such that the Group III nitride
barrier layer 16 has a reduced thickness underneath the
base 19 of the recess 18 compared to regions laterally
adjacent the recess 18. The recess 18 is used as part of a
gate structure for a transistor device or a bidirectional
switch.
[0040] Referring to figure 2C, the gate recess 18 is
filled with a Group III nitride material which comprises
dopants of a first conductivity type and formsa first doped
Group III nitride region 21. The first conductivity typemay
be p type and the dopants may be magnesium. In some
embodiments, this first doped Group III nitride region 21
may also extend over the first major surface 11 such that
the p-doped Group III nitride region 21 has a T-shape in
cross-section.
[0041] Also referring to figure 2C, a second doped
Group III nitride region 22 and a third doped Group III
region 33 are formed in the first major surface 11 which
extend from the first major surface 11 through the barrier
layer 16 and into the channel layer 15. The second and
thirddopedGroup III nitride regions22, 23maybe formed
by implanting dopants of the second conductivity type,
e.g. Mg, into the first major surface 11 of the Group III
nitride-based substrate 10.
[0042] The second doped Group III nitride region 22
and the third doped Group III nitride region 23 are ar-
ranged laterally adjacent and spaced apart from oppos-
ing sides of the first doped region 21. The spacing be-
tween the second doped region 22 and the first doped
region 21 may be less than the spacing between the first

doped region 21 and the third doped region 23 so that the
second doped region 22 provides a source contact and
the third doped region 23 provides a drain contact of a
transistor device. The transistor device may be a high
electron mobility transistor (HEMT) device. The second
doped region 22 and the third doped region 23 may be
doped with the first conductivity type.
[0043] Referring to figure 2D, a first passivation layer
24 is formed on the first major surface 11 which also
covers the first, second and third doped regions 21, 22,
23 entirely. The first passivation layer 24 is configured as
a hydrogen diffusion barrier and may be formed of a
dielectricmaterial.Examplesofdielectricmaterialswhich
can serve as a hydrogen diffusion barrier layer include
SiNx, AlOx, SiOx, ZrOx, AlN, SiON, GaOX, AlGaON The
first passivation layer 24may be formed of silicon nitride,
e.g. Si3N4, or Al2O3 or La2O3 or ZrO2. In some embodi-
ments, the first passivation layer 24 has a thickness of 5
nm to 30 nm.
[0044] In an embodiment, the first passivation layer 24
is formedof siliconnitrideand is formedbyaLPCVD(Low
PressureChemical VapourDeposition) process. In some
embodiments, the LPCVD process comprises placing
the Group III nitride substrate 11 in an LPCVD furnace,
heating theGroup III nitride substrate 11 to a temperature
of 800°C to 820°C in the LPCVD furnace and providing
ammonia gas and dichlorosilane gas to a reaction cham-
ber at a ratio of 4 to 6, and at a pressure of 150 millitorr to
250 millitorr.
[0045] In some embodiments, the first passivation
layer 24 comprises a silicon:nitrogen atomic ratio within
2 percent of the ratio 3:4. In some embodiments, the first
passivation layer 24 has a silicon:nitrogen atomic ratio
within 2 percent of the ratio 3:4, a stress of 600 mega-
pascals (MPa) to 1000 MPa; and a hydrogen content of
less than 5 atomic percent;
[0046] In some embodiments, the first passivation
layer 24 is formed of silicon nitride and the silicon nitride
has an index of refraction of 2.0 to 2.1.
[0047] In some embodiments, the first passivation
layer 24 has a dielectric breakdown strength of greater
than 12 megavolts per centimetre (MV/cm).
[0048] Referring to figure 2E, a first opening 25 is
formed in the first passivation layer 24 which exposes
at least a portion of the first doped region 21. A third
opening 26 is formed in the first passivation layer 24
which exposes a portion of the second doped region
22 and a fourth opening 27 is formed in the first passiva-
tion layer 24 which exposes a portion of the third doped
region 23. The peripheral regions of each of the first,
secondand thirddopedGroup III nitride regions21, 22,23
may be covered by the first passivation layer 24 and only
the central region exposed by the first passivation layer
24. The first, third and fourth openings 25, 26, 27 may be
formed using the same process. For example, a mask of
photoresist may be deposited onto the first passivation
layer 24, photolithographically structured to form open-
ings and expose regions of the first passivation layer and
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these exposed regions are etched, e.g. dry and/or wet
etched.
[0049] Referring to figure 2F, the first, second and third
doped regions 21, 22, 23 are activated whilst the passi-
vation layer 24 is located on the first major surface 11 of
theGroup III nitride-basedsubstrate10andwhilst at least
aportionof thefirst doped region21 isexposedby thefirst
opening 25, at least a portion of the second doped region
22 is exposed by the third opening 26 andwhilst at least a
portion of the third doped region 25 is exposed by the
fourth opening 27 in the first passivation layer 24. The
remainder of the first major surface 11 provided by the
AlGaN barrier layer 16 is covered by the first passivation
layer also during activation. The activation is indicated
schematically in figure 1F by the arrows 28. The activa-
tion may take place by thermally annealing the Group III
nitride-based substrate 11. Since the regions of the first
major surface 11 outside of the regions exposing the p-
doped Group III nitride material which is to be activated
are covered by the passivation layer 24, the remaining
passivation layer24hinders thediffusionofhydrogen into
the Group III nitride substrate 10 and into these p-doped
regions 21, 22, 23. Consequently, there is a reduced
likelihood of hydrogen combining with the dopants of
the second conductivity type and reducing the effective
doping level of the p-doped regions 21, 22, 23.
[0050] Referring to figure 2G, a second passivation
layer 29 is then formed on the first passivation layer
24, into the openings 25, 26, 27 and on the exposed
portions of the first, second and third doped Group III
nitride regions 21, 22 and 23.
[0051] In some embodiments, the second passivation
layer 29 is formed of SiO2. In one particular embodiment,
the second passivation layer 29 is formed of SiO2 and the
first passivation layer 24 is formed of Si3N4.
[0052] Referring to figure 2H, a second opening 30 is
formed in the second passivation layer 21 at a location
above the first dopedGroup III nitride region 21 such that
the second opening 30 extends through second passiva-
tion layer 29 and the first passivation layer 24 and such
that at least a portion of the first doped Group III nitride
region21 is exposedby the secondopening30.Similarly,
a fifth opening 31 is formed which extends through the
second passivation layer 29 and the underlying first
passivation layer 24 andwhich exposes at least a portion
of theseconddopedGroup III nitride region22andasixth
opening 32 is formed through the second passivation
layer 29 and the first passivation layer 24 which exposes
at least a portion of the third dopedGroup III nitride region
23. The periphery of the first, second and third doped
regions 21, 22, 23 remains covered by the first passiva-
tion layer 24 so that the second passivation layer 29 is no
longer in direct contact wit the first major surface 11 or
with the first, second and third doped regions 21, 22, 23.
[0053] The first opening 25 in the first passivation layer
24 and/or the second opening 30 in the second passiva-
tion layer 29 may be formed by plasma etching alone or
wet etchingaloneor a combinationof plasmaetchingand

wet etching, for example, plasma etching followed bywet
etching.
[0054] Referring to figure 2I, a metallic contact 33 is
formed in the second opening which provides the gate
metal of the gate structure. A metallic contact 34 is
formed in the fifth opening 31 which provides a source
contact and an ohmic contact to the second dopedGroup
III nitride region 22 and the channel of the transistor
device, e.g. the 2DEG. A metallic contact 35 is also
formed in the6opening32whichprovidesadrain contact
of the transistor device and forms an ohmic contact to the
third doped Group III nitride region 23 and the channel of
the transistor device, e.g. the 2DEG.
[0055] The contact 33 may be formed in the second
opening 30 by depositing at least one metallic layer 33 in
the second opening 30 that is in contact with the doped
Group III nitride region 21. In some embodiments, the at
least one metallic layer 30 further extends over an upper
surface 36 of the second passivation layer 29. The con-
tact 33 provides the gate metal of the gate structure. The
gate metal may be selected to provide an ohmic gate
contact or a Schottky gate contact.
[0056] An ohmic gate metal may be used since the
activation of the p-doped regions 21, 22, 23 is carried out
before the deposition of the metallic layer(s) for the con-
tacts. Consequently, the ohmic gate metal is not sub-
jected to the higher temperatures of an annealing activa-
tion process.
[0057] Figure 3 illustrates a cross-sectional view of a
semiconductor device 40" according to an embodiment
which differs from that illustrated in figure1B and 2I in that
it further comprises a third passivation layer 50 that is
arranged on the second passivation layer 29. In this
particular embodiment, the first passivation layer 24 is
formed of Si3N4 and the second and third passivation
layers 29, 50 are each formed of SiO2. The third passiva-
tion layer 50 includes a first opening 51 that is located
above the doped region 21 such that the first opening 51
is formed through the first and second and third passiva-
tion layers 24, 29, 50 which exposes the central portion
42 of the doped Group III nitride region 21. Only the first
passivation layer 24 is in direct contact with the Group III
nitride substrate 11. The peripheral region 41 of the
doped Group III nitride region 21 is covered by and in
direct contact with the first passivation layer 24. The gate
metal 33 is located in the first opening 51 and is in contact
with the first doped Group III nitride region 21.
[0058] Similarly, a second opening 52 is located above
the second doped region 22 and extends through the first
and second and third passivation layers 24, 29, 50. The
second opening 52 exposes the central portion 42 of the
second dopedGroup III nitride region 22. A third opening
53 is located above the third doped region 23, extends
through the first and second and third passivation layers
24, 29, 50 which exposes the central portion 42 of the
third doped Group III nitride region 22. The metallic
contact 34 is arranged in the second opening to form a
contact to the second doped Group III region 22 and the
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source contact and the metallic contact 35 is located in
the third opening 53 to form a contact to the third doped
Group III nitride region 23 and the drain contact. The gate
metal layer 33 and/or one or both of the first and second
metallic contacts 34, 35 further extends over an upper
surface 54 of the third passivation layer 50.
[0059] The use of a hydrogen diffusion barrier material
for the first passivation layer 24 alsoenableswell-defined
field plates to be integrated, for example the field plate 51
to be integrated near the gate G that extends over the
upper surface of the first passivation layer 24, for exam-
ple in the direction of the drain D. This integration of the
field plates is enabled by the good process control pos-
sible when fabricating the first passivation layer 24, for
examplebyLPCVDofaSiNx layerand thegooddielectric
quality and high density of these hydrogen diffusion
barrier layers. The first passivation layer 24 may com-
prise SiNx, e.g. Si3N4 ormay comprise Al2O3 or La2O3 or
ZrO2.
[0060] Figure 4 illustrates a flow diagram 100 of a
method of fabricating a Group III nitride device. In box
101, a first passivation layer is formed on a first major
surface of a Group III nitride-based substrate comprising
at least one doped Group III nitride region comprising
dopants of a first conductivity type, e.g. p-type. In box
102, at least one first opening is formed in the first
passivation layer and at least a portion of the at least
one doped Group III nitride region is exposed from the
first passivation layer. In box103, the first dopedGroup III
nitride region is activated, for example by thermal anneal-
ing, whilst the first passivation layer is located on the first
major surface and whilst the at least a portion of the at
least one doped Group III nitride region is exposed from
the first passivation layer. In box 104, a second passiva-
tion layer is formed on the first passivation layer and on
the at least one dopedGroup III nitride region. In box 105,
at least one second opening is formed in the first and
second passivation layers and a portion of the at least
one dopedGroup III nitride region is exposed. In box 106,
an electrically conductive contact is formed in the second
opening.
[0061] In thismethod, thedopedGroup III nitride region
is passivated and opened twice in two independent
steps. Therefore, the first passivation layer formed prior
to activation and the second passivation layer formed
after activation can be optimized for their respective
roles. Each of the first and second dielectric layers
may be formed of a single layer or may comprise two
or more sublayers.
[0062] In this method only the surface region used for
contacting is exposed from the first passivation layer 24
so that damage creation during activation in any region
outside the exposed region (s) is avoided. This method
may be used to fabricate Group III nitride switches, such
as Group III transistor devices, e.g. Group III nitride
HEMTs, or bidirectional switches. The switching devices
may be enhancement mode or depletion mode devices.
The method may be useful for Group III nitride devices

comprisingp-dopedGroup III nitride regions, for example
a transistor device with a gate structure comprising a p-
dopedGroup III nitride to provide an enhancementmode
device. The method may also be useful for Group III
nitridedevices comprisinganohmicgate, including those
comprising a p-doped Group III nitride and ohmic metal
gate structure, since the ohmic metal id deposited after
activation of the p-doped Group III nitride material. Tran-
sistor devices fabricated using thismethod have reduced
gate leakage currents.
[0063] Although the present disclosure is not so lim-
ited, the following numbered examples demonstrate one
or more aspects of the disclosure.

Examples

[0064] Example 1. A method comprising:

providing a Group III nitride-based substrate com-
prising a first major surface and at least one doped
Group III nitride region comprising dopants of a first
conductivity type;
forming a first passivation layer on the first major
surface, wherein the first passivation layer is config-
ured as a hydrogen diffusion barrier;
forming at least one first opening in the first passiva-
tion layer and exposing at least a portion of the at
least one doped Group III nitride region from the first
passivation layer;
activating the first doped Group III nitride region
whilst the first passivation layer is located on the first
major surface and the at least a portion of the at least
one doped Group III nitride region is exposed from
the first passivation layer;
forming a second passivation layer on the first pas-
sivation layer and on the at least one dopedGroup III
nitride region;
forming at least one second opening in the first and
second passivation layers and exposing a portion of
the at least one doped Group III nitride region,
forming a contact in the second opening.

[0065] Example 2. A method according to example 1,
wherein the first passivation layer comprises Si3N4 or
Al2O3 or La2O3 or ZrO2.
[0066] Example 3. A method according to example 2,
wherein the first passivation layer is formed by a LPCVD
(Low Pressure Chemical Vapour Deposition) process
and the LPCVD process comprises:

placing the Group III nitride substrate in an LPCVD
furnace;
heating the Group III nitride substrate to a tempera-
ture of 800°C to 820°C in the LPCVD furnace;
providing ammonia gas and dichlorosilane gas to a
reactionchamberata ratioof 4 to6,andatapressure
of 150 millitorr to 250 millitorr.
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[0067] Example 4. A method according to any one of
examples 1 to 3, wherein the first passivation layer com-
prises a silicon:nitrogen atomic ratio within 2 percent of
the ratio 3:4.
[0068] Example 5. A method according to any one of
examples 1 to 4, wherein the first passivation layer com-
prises a stress of 600 megapascals (MPa) to 1000 MPa;
and a hydrogen content of less than 5 atomic percent;
[0069] Example 6. A method according to any one of
examples 1 to 5, wherein the silicon nitride layer has an
index of refraction of 2.0 to 2.1.
[0070] Example 7. A method according to any one of
examples 1 to 6, wherein the first passivation layer has a
dielectric breakdown strength of greater than 12 mega-
volts per centimetre (MV/cm).
[0071] Example 8. A method according to any one of
examples 1 to 7, wherein the first passivation layer has a
thickness of 5 nm to 30 nm.
[0072] Example 9. A method according to any one of
examples 1 to 8, wherein the first passivation layer is
formed of Si3N4 and the second passivation layer is
formed of SiO2.
[0073] Example 10. A method according to any one of
examples 1 to 9, wherein one or both of the first and
second openings are formed by plasma etching and/or
wet etching.
[0074] Example 11. A method according to any one of
examples 1 to 10, wherein the second opening is formed
by plasma etching and subsequently wet etching.
[0075] Example 12. A method according to any one of
examples 1 to 11, further comprising:

forming one or more of the at least one dopedGroup
III nitride regions by depositing a Group III nitride
layer on the firstmajor surfaceof theGroup III nitride-
based substrate or in a recess formed in the first
major surface of the Group III nitride-based sub-
strate, and/or
forming one or more of the at least one dopedGroup
III nitride regions in the Group III nitride-based sub-
strate by implanting dopants of the second conduc-
tivity type into the first major surface of the Group III
nitride-based substrate.

[0076] Example 13. A method according to any one of
examples 1 to 12, wherein the activating the at least one
doped Group III nitride region comprises thermally an-
nealing the Group III nitride-based substrate.
[0077] Example 14. A method according to any one of
examples 1 to 13, wherein the forming a contact in the
second opening comprises:
depositing at least onemetallic layer in the second open-
ing that is in contact with the doped Group III nitride
region.
[0078] Example 15. A method according to example
14, wherein the at least onemetallic layer further extends
over an upper surface of the second passivation layer.
[0079] Example 16. A method according to any one of

examples 1 to 15, further comprising forming a third
passivation layer over the second passivation layer,
wherein the forming the second opening further com-
prises forming an opening in the first, second and third
passivation layers and exposing at least a portion of the
doped Group III nitride region.
[0080] Example 17. A method according to any one of
examples 1 to 16, wherein the at least one metallic layer
further extends over an upper surface of the third passi-
vation layer.
[0081] Example 18. A method according to any one of
examples 1 to 17, wherein a first doped Group III nitride
region is formed by depositing a Group III nitride layer on
the first major surface of the Group III nitride-based
substrate or in a recess formed in the first major surface
of the Group III nitride-based substrate and wherein the
first dopedGroup III nitride region is configured as part of
a gate structure.
[0082] Example 19. A method according to example
18, wherein the contact provides the gate metal of the
gate structure and the gatemetal provides an ohmic gate
contact or a Schottky gate contact.
[0083] Example20.Amethodaccording to example18
or 19, further comprising forming a second doped Group
III nitride region to provide a first ohmic contact anda third
doped Group III nitride region to provide a second ohmic
contact by implanting dopants of a second conductivity
type into the first major surface of the Group III nitride
substrate, wherein the first doped region is arranged
laterally between the second and third doped Group III
nitride regions.
[0084] Example 21. A method according to example
20, wherein

the first passivation layer is further formed on the
second and third doped regions and a third opening
and a fourth opening are formed in the first passiva-
tion layer and at least a portion of the second and
third doped Group III nitride regions is exposed from
the first passivation layer;
the first, second and third doped Group III nitride
regions are activatedwhilst the first passivation layer
is located on the first major surface and the at least a
portion of the first, second and third doped Group III
nitride regions is exposed from the first passivation
layer;
the second passivation layer is formed on the first
passivation layer and on the first, second and third
doped Group III nitride regions,
the second opening, a fifth opening and a sixth
opening are formed in the first and second passiva-
tion layers that expose the first, second and third
Group III nitride doped region, respectively;
a gate contact is formed in the first opening, a first
ohmic contact is formed in the fifth opening and a
second ohmic contact is formed in the sixth opening.

[0085] Example 22. A method according to example
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21, wherein the gate contact and the first and second
ohmic contacts form a transistor device or a bidirectional
switch.
[0086] Example 23. A method according to example
22, wherein the transistor device is a HEMT.
[0087] Example 24‑ A method according to any one of
examples 1 to 23, wherein the doped Group III nitride
region comprises p-doped GaN or p-doped AlGaN.
[0088] Example 25. A method according to any one of
examples 1 to 24, wherein the Group III nitride-based
substrate comprises aGroup III nitride channel layer and
a Group III nitride barrier layer arranged on the Group III
nitride channel layer and forming a heterojunction there-
between.
[0089] Example 26. A method according to example
25,wherein theGroup III nitride channel layer is formedof
GaN and the Group III nitride barrier layer is formed of
AlGaN.
[0090] Example27.Amethodaccording to example25
or example 16,wherein theGroup III nitride channel layer
is arranged on a buffer structure which is arranged on a
base substrate.
[0091] Example 28. A method according to any one of
examples 25 to 27, wherein the base substrate is formed
of monocrystalline silicon, SiC or Sapphire.
[0092] Example 29. A semiconductor device, compris-
ing:

a Group III nitride substrate comprising a first major
surface;
at least one doped Group III nitride region formed in
or on the first major surface;
a first passivation layer arranged on the first major
surface and on a peripheral region of the doped
Group III nitride region such that a central portion
of the doped Group III nitride region is uncovered by
the first passivation layer;
ametallic contact arranged in contact with the doped
Group III nitride region and extending over the first
passivation layer,
wherein the first passivation layer is configured as a
hydrogen diffusion barrier.

[0093] Example30.Asemiconductordeviceaccording
to example 29, wherein the first passivation layer com-
prises Si3N4 or Al2O3 or La2O3 or ZrO2.
[0094] Example31.Asemiconductordeviceaccording
to example 29 or example 30, further comprising a sec-
ond passivation layer arranged on the first passivation
layer and wherein the first passivation layer is formed of
Si3N4and the secondpassivation layer is formedofSiO2.
[0095] Example32.Asemiconductordeviceaccording
to any one of examples 29 to 31,
wherein the first passivation layer comprises a silicon :
nitrogen atomic ratio within 2 percent of the ratio 3:4,
and/or a stress of 600megapascals (MPa) to 1000 MPa;
and/or a hydrogen content of less than 5 atomic percent;
[0096] Example33.Asemiconductordeviceaccording

to any one of examples 30 to 32, wherein the silicon
nitride layer has an index of refraction of 2.0 to 2.1.
[0097] Example34.Asemiconductordeviceaccording
to any one of examples 29 to 33,
wherein the first passivation layer has a dielectric break-
down strength of greater than 12 megavolts per centi-
metre (MV/cm).
[0098] Example35.Asemiconductordeviceaccording
to any one of examples 29 to 34, wherein the first passi-
vation layer has a thickness of 5 nm to 30 nm.
[0099] Example36.Asemiconductordeviceaccording
to any one of examples 29 to 35, wherein

at least one of the doped Group III nitride regions
comprises a doped Group III nitride layer that is
arranged in a recess formed in the firstmajor surface
or is arranged on the first major surface and that is
configured to provide a gate of a transistor device or
a bidirectional switch, and/or
one or more of the doped Group III nitride regions is
located in theGroup III nitride substrate andprovides
an ohmic contact of a transistor device or a bidirec-
tional switch.

[0100] Example37.Asemiconductordeviceaccording
to example 36, wherein the transistor device is a HEMT.
[0101] Example38.Asemiconductordeviceaccording
to any one of examples 29 to 37, wherein the doped
Group III nitride region comprises p-doped GaN or p-
doped AlGaN.
[0102] Example39.Asemiconductordeviceaccording
to any one of examples 29 to 38, wherein the Group III
nitride-based substrate comprises a Group III nitride
channel layer and a Group III nitride barrier layer ar-
ranged on the Group III nitride channel layer and forming
a heterojunction therebetween.
[0103] Example40.Asemiconductordeviceaccording
to example 39,wherein theGroup III nitride channel layer
is formed of GaN and the Group III nitride barrier layer is
formed of AlGaN.
[0104] Example41.Asemiconductordeviceaccording
to example 39 or example 40, wherein the Group III
nitride channel layer is arranged on a buffer structure
which is arranged on a base substrate.
[0105] Example 42.A semiconductor device according
to example 41, wherein the base substrate is formed of
monocrystalline silicon, SiC or Sapphire.
[0106] Spatially relative terms such as "under", "be-
low", "lower", "over", "upper" and the like are used for
ease of description to explain the positioning of one
element relative to a second element. These terms are
intended to encompass different orientations of the de-
vice in addition to different orientations than those de-
picted in the figures. Further, terms such as "first", "sec-
ond", and the like, are also used to describe various
elements, regions, sections, etc. and are also not in-
tended to be limiting. Like terms refer to like elements
throughout the description.

5

10

15

20

25

30

35

40

45

50

55



11

19 EP 4 507 007 A1 20

[0107] As used herein, the terms "having", "contain-
ing", "including", "comprising" and the like are open
ended terms that indicate the presence of stated ele-
ments or features, but do not preclude additional ele-
ments or features. The articles "a", "an" and "the" are
intended to include the plural as well as the singular,
unless the context clearly indicates otherwise. It is to
be understood that the features of the various embodi-
ments described herein may be combined with each
other, unless specifically noted otherwise.
[0108] Although specific embodiments have been illu-
strated and described herein, it will be appreciated by
those of ordinary skill in the art that a variety of alternate
and/or equivalent implementations may be substituted
for the specific embodiments shown and described with-
out departing from the scope of the present invention.
This application is intended to cover any adaptations or
variations of the specific embodiments discussed herein.
Therefore, it is intended that this invention be limited only
by the claims and the equivalents thereof.

Claims

1. A method comprising:

providing a Group III nitride-based substrate
comprising a first major surface and at least
one doped Group III nitride region comprising
dopants of a first conductivity type;
forming a first passivation layer on the firstmajor
surface, wherein the first passivation layer is
configured as a hydrogen diffusion barrier;
forming at least one first opening in the first
passivation layer and exposing at least a portion
of the at least one doped Group III nitride region
from the first passivation layer;
activating the first doped Group III nitride region
whilst the first passivation layer is located on the
first major surface and the at least a portion of
the at least one doped Group III nitride region is
exposed from the first passivation layer;
forming a second passivation layer on the first
passivation layer and on the at least one doped
Group III nitride region;
forming at least one second opening in the first
and second passivation layers and exposing a
portion of the at least one dopedGroup III nitride
region,
forming a contact in the second opening.

2. A method according to claims 1, wherein the first
passivation layer comprises Si3N4 or Al2O3 or La2O3
or ZrO2.

3. A method according to claim 2, wherein the first
passivation layer is formed by a LPCVD (Low Pres-
sure Chemical Vapour Deposition) process and the

LPCVD process comprises:

placing the Group III nitride substrate in an
LPCVD furnace;
heating the Group III nitride substrate to a tem-
perature of 800°C to 820°C in the LPCVD fur-
nace;
providing ammonia gas and dichlorosilane gas
to a reaction chamber at a ratio of 4 to 6, and at a
pressure of 150 millitorr to 250 millitorr.

4. A method according to any one of claims 1 to 3,
wherein the first passivation layer is formed of Si3N4
and the second passivation layer is formed of SiO2.

5. A method according to any one of claims 1 to 4,
wherein one or both of the first and second openings
are formed by plasma etching and/or wet etching.

6. A method according to any one of claims 1 to 5,
further comprising:

forming one or more of the at least one doped
Group III nitride regionsbydepositingaGroup III
nitride layer on the first major surface of the
Group III nitride-based substrate or in a recess
formed in the first major surface of the Group III
nitride-based substrate, and/or
forming one or more of the at least one doped
Group III nitride regions in the Group III nitride-
based substrate by implanting dopants of the
second conductivity type into the first major sur-
face of the Group III nitride-based substrate.

7. A method according to any one of claims 1 to 6,
wherein the activating the at least one doped Group
III nitride region comprises thermally annealing the
Group III nitride-based substrate.

8. A method according to any one of claims 1 to 7,
wherein the forming a contact in the second opening
comprises:
depositing at least one metallic layer in the second
opening that is in contact with the doped Group III
nitride region.

9. A method according to claim 8, wherein the at least
one metallic layer further extends over an upper
surface of the second passivation layer.

10. A method according to any one of claims 1 to 8,
further comprising forming a third passivation layer
over the second passivation layer, wherein the form-
ing the secondopening further comprises formingan
opening in the first, second and third passivation
layers and exposing at least a portion of the doped
Group III nitride region.
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11. A method according to any one of claims 1 to 10,
wherein a first doped Group III nitride region is
formed by depositing a Group III nitride layer on
the first major surface of the Group III nitride-based
substrate or in a recess formed in the first major
surface of the Group III nitride-based substrate
and wherein the first doped Group III nitride region
is configured as part of a gate structure.

12. Amethod according to claim 11, wherein the contact
provides the gate metal of the gate structure and the
gate metal provides an ohmic gate contact or a
Schottky gate contact.

13. A method according to claim 11 or 12, further com-
prising forming a second doped Group III nitride
region to provide a first ohmic contact and a third
doped Group III nitride region to provide a second
ohmic contact by implanting dopants of a second
conductivity type into the first major surface of the
Group III nitride substrate, wherein the first doped
region is arranged laterally between the second and
third doped Group III nitride regions.

14. A method according to claim 13, wherein

the first passivation layer is further formedon the
second and third doped regions and a third
opening and a fourth opening are formed in
the first passivation layer and at least a portion
of the second and third doped Group III nitride
regions is exposed from the first passivation
layer;
the first, second and third dopedGroup III nitride
regions are activated whilst the first passivation
layer is located on the firstmajor surface and the
at least a portion of the first, second and third
doped Group III nitride regions is exposed from
the first passivation layer;
the second passivation layer is formed on the
first passivation layer and on the first, second
and third doped Group III nitride regions,
the second opening, a fifth opening and a sixth
opening are formed in the first and second pas-
sivation layers that expose the first, second and
thirdGroup III nitride doped region, respectively;
a gate contact is formed in the first opening, a
first ohmic contact is formed in the fifth opening
and a second ohmic contact is formed in the
sixth opening.

15. A method according to claim 14, wherein the gate
contact and the first and second ohmic contacts form
a transistor device or a bidirectional switch.
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